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Specification 

1. Title of the Invention: Etching Endpoint Monitoring Method and Apparatus 

2. Scope of Patent Claims 

1) In monitoring an etching endpoint during the course of etching a metallic thin film that has been formed on the 
surface of a semiconductor substrate, 

an etching endpoint monitoring method wherein infrared light with a wavelength greater than 1 .2 um and less than 2 
um is caused to enter the surface of the semiconductor substrate on the side where the aforementioned metallic thin 
film has not been formed on the surface of the aforementioned semiconductor substrate, the intensity of the light that 
has permeated into the aforementioned semiconductor substrate entered the aforementioned metallic thin film 
surface is measured, and the etching endpoint is determined from the intensity of its reflected light. 

2) In monitoring an etching endpoint during the course of etching a metallic thin film that has been formed on the 
surface of a semiconductor substrate, 

an etching endpoint monitoring method wherein infrared light with a wavelength greater than 1 .2 |im and less than 2 
um is caused to enter the surface of the semiconductor substrate on the side where the aforementioned metallic thin 
film has not been formed on the surface of the aforementioned semiconductor substrate, the intensity of the light that 
has permeated into the aforementioned semiconductor substrate entered the aforementioned metallic thin film 
surface is measured, and the intensity of the light from the aforementioned semiconductor substrate is compared to 
the intensity of the light that has permeated the aforementioned semiconductor substrate. 

3) An etching endpoint monitoring apparatus wherein are installed 

a means to generate infrared light, 

a half mirror that will cause the light that is generated to be transmitted, 
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a vacuum chamber in which plasma is used to perform the etching on the semiconductor substrate, 

a lower electrode that is provided in the said vacuum chamber, has a through hole, and is placed onto the 

aforementioned semiconductor substrate, 

an upper electrode that has been provided opposite to the aforementioned lower electrode in the said vacuum 

chamber, 

a light guiding means that is attached to the through hole of the aforementioned lower electrode to conduct 
transmitted light from the aforementioned half mirror to the aforementioned semiconductor substrate, 

and a light receiving means to receive the reflected light from the metallic thin film formed on the 
aforementioned semiconductor substrate from the aforementioned light guiding means through the aforementioned 
half mirror. 

4) An etching endpoint monitoring apparatus wherein are installed: 
a means to generate infrared light, 

a half mirror that causes the infrared light it has emitted to be transmitted, 

a vacuum chamber in which plasma is used to perform the etching of the semiconductor substrate, 

a lower electrode that is provided in the said vacuum chamber, has a through hole, and is placed onto the 

aforementioned semiconductor substrate, 

an upper electrode that that been provided opposite to the aforementioned lower electrode in the said vacuum 

chamber, and that has a through hole that is placed opposite to the through hole of the aforementioned lower 

electrode, 

a first light guiding means that is attached to the through hole of the aforementioned lower electrode to conduct 
transmitted light from the aforementioned half rnirror to the aforementioned semiconductor substrate, 

a first light receiving means to receive the reflected light from the metallic thin film formed on the 
aforementioned semiconductor substrate from the aforementioned light guiding means through the aforementioned 
half mirror, 

a second light guiding means that is attached to the through hole of the aforementioned upper electrode to 

receive transmitted light from the aforementioned metallic thin film, 

a second light receiving means to receive light from the said second light guiding means, 

and a means to compare the reflected light output from the aforementioned first light receiving means to the 

transmitted light output from the aforementioned second light receiving means and determine an etching endpoint 

from their compared outputs. 

(the space below has been left blank) 

3. Detailed Explanation of the Invention 
[Industrial Field of the Invention] 

The present invention relates to an etching endpoint monitoring method and apparatus in the etching process for 
metallic thin films that are essential in the fabrication process of all manner of devices. 
[Prior Art] 

Knowing precisely the endpoint in the etching of metallic thin films that are essential in the fabrication 
processes for all manner of devices is extremely important in obtaining fine patterns with good precision. A number 
of proposals have been made to date. Among these, we have shown the most realistic methods and means in Table 1 . 



Method 


Means 


Optical Method 


Visual changes in color. 
Changes in reflectance. 
Ellipsometry. 


Spectroscopic Analysis 


Emission spectrometry, absorption spectrometery. 
Raman spectroscopy. 
Fluorescent spectroscopy. 


Gas Spectrometry 


Mass spectroscopy. 
Gas chromatography 



Optical methods include those methods of observation that rely on the human senses, such as the visual 
observation from the window of a vacuum chamber during etching and projecting laser light from the window of a 
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vacuum chamber onto a surface that is being etched, methods for detecting changes in reflected light or methods of 
detecting changes in the reflectance using an ellipsometer. 

'♦Methods that use laser light project the light from outside the window in a vacuum chamber and then similarly 
detect from outside the window. One disadvantage is that the substance being etched eventually will adhere to the 
window, reducing the detection capacity. Additionally, there were problems with the detection position or SN ratio 
when attempting detection at a distance from the sample. 

Spectroscopic analysis and gas spectrometry use spectrometry or gas spectrometry to detect substances that 
have been etched in a gaseous state. These are methods that define the end of etching as the point at which the 
substance undergoing etching can no longer be detected. 

Like the optical methods described above, the disadvantages to these methods involve the loss of detection 
capacity as substances adhere to the window because detection is attempted from outside a window in the vacuum 
chamber. Additionally, even when the etching is complete, the substance being etched remains as a residue inside 
the vacuum chamber for some time, which causes the problem of detecting the end of etching later than it actually 
occurred. 

[Problems that the Invention is to Solve ] 

The object of the present invention is to provide an etching endpoint monitoring method and apparatus that will 
resolve the various disadvantages including the inability to obtain a satisfactory SN ratio, difficulties in detection 
positioning caused by attempts to detect at a distance from the sample, and the loss of detection capacity caused by 
contamination of the window in the vacuum chamber due to adhesion of the etched substances. 
Means of Solving the Problems 

In order to achieve this objective, the present invention introduces optical fiber into a vacuum chamber, where 
it is placed onto an electrode plate to which a high voltage will be applied in order to generate plasma. Infrared light 
of greater than 1 .2 urn will be projected that will pass through the Si from the rear surface of the Si substrate upon 
which the metallic thin film has been etched and the reflection from the surface of the metallic thin film or the 
transmitted light and the reflected light will be used to monitor the etching endpoint. 

To be more specific, in the first embodiment of the present invention, as we monitor the etching endpoint when 
etching a metallic thin film onto the surface of a semiconductor substrate, we project infrared light with a 
wavelength of greater than 1 .2 um but less than 2 urn or less onto the surface of the semiconductor substrate on the 
side of the semiconductor substrate where no metallic thin film has been formed. We measure the intensity of the 
infrared light that passes through the semiconductor substrate that is reflected by the metallic thin film surface and 
calculate the etching endpoint based on that reflected intensity. 

In the second embodiment of the present invention, as we monitor the etching end point while etching a 
metallic thin film onto the surface of a semiconductor substrate, we project an infrared light with a wavelength of 
greater than 1.2 um but less than 2 um onto the surface of the semiconductor substrate on the side where no metallic 
thin film has been formed. We measure the intensity of the infrared light that passes through the semiconductor 
substrate and which is reflected by the metallic thin film surface and that of the light that passes through the metallic 
thin film, and compare the intensity of the light reflected from the semiconductor substrate with the intensity of the 
light that passes through the semiconductor substrate. 

The third embodiment of the present invention is characterized in that it is equipped with a means to generate 
infrared light, a half-mirror that can allow infrared light that is received to pass through, a vacuum chamber for 
etching onto semiconductor substrates using plasma, a through hole in the vacuum chamber, a lower electrode where 
the semiconductor substrate is placed and, in the vacuum chamber, an upper electrode, which is placed in opposition 
to the lower electrode, a first optical fiber that is embedded in the hole in the lower electrode to conduct the 
transmitted light from the half-mirror to the semiconductor substrate as well as a means to receive light from the 
light guiding means through the half-mirror from the metallic thin film formed on a semiconductor substrate. 

The fourth embodiment of the present invention is characterized in that it is equipped with a means to generate 
infrared light, a half-mirror that allows the infrared light that is generated to pass through, a vacuum chamber in 
which etching is performed on the semiconductor substrates using plasma, a lower electrode upon which the 
semiconductor substrate is placed that has a through hole in the vacuum chamber, an upper electrode that has a 
through hole opposite to the hole in the lower electrode and is placed opposite to the lower electrode in the vacuum 
chamber, a first light guiding means that is embedded in the hole in the lower electrode to conduct the light that 
passes through the half-mirror to the semiconductor substrate, a first light receiving means to receive the reflected 
light from the metallic thin film formed on the semiconductor substrate through the half-mirror from the first means 
of guiding light, a second light guiding means to receive the transmitted light from the metallic oxide film and is 
embedded in the through hole in the upper electrode, a second light receiving means to receive light from the first 
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light guiding means, and a means for determining the etching endpoint by comparing the reflected light output from 

the first light receiving means with the transmitted light output from the second light receiving means. 

[Effect] 

In the present invention, light is projected from an extremely close point of contact with the rear surface of the 
Si substrate. The reflected light will be detected, so it will be a simple matter to position the detection module and 
obtain an excellent SN ratio. There will also be no effect from contamination by etched substances. 
[Embodiments] 

We will explain below the embodiments of the present invention in detailed and specific terms on the basis of 
the drawings. 
Embodiment 1 

FIG. 1 is a diagram that explains the first embodiment of the present invention, where 1 denotes the optical 
fiber, 2 is the optical fiber vacuum intake port, 3 is the rod lens, 4 is the half-mirror, 5 is the infrared light emitter, 6 
is the infrared light detector, 7 is the window in the vacuum chamber, 8 is the upper electrode, 9 is the vacuum 
chamber, 10 is the Si substrate, 1 1 is the lower electrode and 12 is the plasma generating RF power supply. Optical 
fiber 1 leads into vacuum chamber 9 through port 2 and on to the through hole in lower electrode 11. Rod lens 3 is 
inserted into this through hole and when silicon substrate 10 is placed on lower electrode 1 1, the tip of this rod lens 
is placed in contact with the lower surface of the substrate. 

In order to operate this device, infrared light from infrared light emitter 5 with a wavelength of 1.3 urn that has 
been modulated to a 1 KHz sine wave is passed through half-mirror 4 and into optical fiber 1 . Rod lens 3 produces 
parallel light and projects it at silicon substrate 10, where the metallic thin film has been formed. The portion of the 
infrared light with a wavelength of 1.3 um is reflected by the rear surface of silicon substrate 10 and received, but 
part of it passes through the inside of the Si, where it is reflected by the metallic thin film surface and passes through 
rod lens 3 a second time, returning to optical fiber 1 . The infrared light that comes back to optical fiber 1 is reflected 
by half-mirror 4 and detected by infrared light detector 6. 

When a metallic film is etched using plasma and then removed, reflected light from the metallic thin film 
disappears, so the endpoint of the etching can be determined. 

Figure 2 shows the results of the measurements using the apparatus of this embodiment. As shown in Figure 2, 
a more accurate etching endpoint can be determined than when using the results of the spectroscopic analysis. 
Embodiment 2 

Figure 3 is a diagram that explains the second embodiment of the present invention, where 1(a) and 1(b) are 
optical fiber, 3(a) and 3(b) are rod lenses, 6(a) and 6(b) are infrared detectors and 13 is a computing device. Rod 
lenses 3(a) and 3(b) are connected to electrodes 10 and 8 respectively and then are joined to optical fibers 1(a) and 
1(b). The light from optical fibers 1(a) and 1(b) is conducted into infrared detectors 6(a) and 6(b). 

In this embodiment, just as in Embodiment 1, infrared light with a wavelength of 1 .3 um is conducted into 
vacuum chamber 9 using optical fiber 1(a) and is projected from the rear surface of Si substrate 10 where the 
metallic thin film is being formed. This reflected light is detected by infrared light detector 6(a). In addition to this, 
there is a through hole in upper electrode 8 and rod lens 3(b) and optical fiber 1(b) are arranged to fit the optical axis 
of the transmitted light from below. When the metallic thin film is removed through etching, the transmitted light 
that is generated is received and transmitted to detector 6(b). As described above, the reflected light output detected 
by detectors 6(a) and 6(b) and the transmitted light output are entered into computation device 13. Here, by 
comparing the intensity of the transmitted light to the intensity of the reflected light, a clearly defined etching 
endpoint can be determined. 

Figure 4 shows the results of the measurements of the etching endpoints determined using this embodiment. As 
we can see from Figure 4, this embodiment shows etching endpoint is clearly obtained. 

Moreover, silicon substrates were used in the examples in the embodiments described above, but the present 
invention is not limited to silicon substrates, and could be applied effectively to any semiconductor substrate to 
which metallic thin films were to be affixed. In that instance, the values for infrared light wavelength that could 
penetrate semiconductor substrates like these would, for example, naturally be in the 1 .2 to 2 urn range. 

Additionally, we used optical fiber in the above embodiments as the means for conducting the light, but the 
means for conducting light is not limited solely to this. Lenses or other optical systems or optical light guides could 
also be combined. 
[Effect of the Invention] 

As described above, this invention introduces optical fiber into a vacuum chamber and introduces light from the 
rear surface of the substrate surface where the metallic thin film has been formed through etching. We saw to it that 
the light from the reflective surface of the metallic thin film was, for the most part, detected, so the advantages 
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include the following: The positioning of the detection module is easy, the SN ratio is excellent and the substances 
to be etched are not affected by contamination. 
4. rfrief Explanation of the Drawings 

Figure 1 is a schematic diagram showing the first embodiment of the present invention. 

Figure 2 is a characteristics diagram showing the results of the measurements with the first embodiment. 

Figure 3 is a configuration diagram showing the second embodiment of the present invention. 

Figure 4 is a characteristics diagram showing the results of the measurements using the second embodiment. 
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[see source for diagram] 
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Abstract of JP621 90728 

PURPOSE:To eliminate the influence of 
contamination of a substance to be etched by 



introducing an infrared light of a predetermined 
wavelength to the surface of a semiconductor 
substrate of the side not formed with a thin 
metal film of the surface of the substrate, 
measuring the intensity of the light reflected on 
the thin film through the substrate of the 
infrared light, and obtaining the etching end 
point by the intensity of the reflected light to 
readily position a detector, thereby improving 
S/N ratio. 

CONSTITUTION:The infrared light of 1.3mum 
of wavelength modulated by a sinusoidal wave 
of 1kHz from an infrared light emitting unit 5 is 
passed through a half mirror 4 to an optical 
fiber 1, and emitted to a silicon substrate 10 
formed with the thin metal film as parallel 
beam via a rod lens 3. Part of the infrared light 
of 1 .3mum of wavelength is reflected on the 
back surface of the substrate 10, but is passed 
through the Si, reflected on the metal film 
surface, again through the lens 3, and returned 
to the optical fiber 1. The returned infrared light 
is reflected on the half mirror 4, and detected 
by an infrared light detector 6. When the metal 




film is etched and removed by the plasma, the 
reflected light is erased from the metal film, 
thereby notifying the etching end point. 



Data supplied from the esp@cenet database - Worldwide 



http://v3 .espacenet xom/textdoc?DB=EPODOC&IDX=JP62 1 90728 



6/7/2004 



@.b *a»»if (jp) ©¥? n mmzffl 
© & m ft «F & « ( A) BS62 - 190728 

H 01 L 21/302 E-8223- 5F 

C 23 F 1/00 A-6793-4K 

4/00 F-6793-4K KglES 3c5g# £13^% 4 (j6l) 

®W IS PS61-31783 

@tb PS6K1986) 2^180 



@H 


98 


m 


H & 


3! ?T 










If BB 


* - 




©26 




* 


+ A 


m 




®2§ 


18 


* 


£ ffl 






©ffi 




A 


B#m«mfssfc££a: 


JCSrtRWBKrt W 1 Tg 1 § 6 ■» 


©ft 


S 


A 









■8 *B 

2 . & <r>mm 

ft e * m # ^ « <o n m <n *> % . & se&&*aB8eo 

*& a* m & & « <o a? is ? t* . &.&mmf&<o 



1.2m WJ:2m WTO^^XtAW?^, 8* 
lift £ K £ 4fl A e . ftgBT&mfciraiSiL-cfiSgi*;* 

n ± & m ft t , 



i 



—123— 



2 



tt * $«F^^es9:*n. Ri^iUL. dosage 

* * t 4 _h U « ft * / 

T5*t a SB I SXfa * . 

3 

*. 







* ^ en a * 


y y v > h y - 


a * # # & 


#### w R*i#tf 







—124 



ft * • 
SB . 

( W T 



?§rafl3G2-190728 (2) 
k $ « * n . f|iiK& se &fig 
# 2 * ai * *at , 

W a * * it* u. * <o it« 



4 



* ffi i- * * & * * . 

# i? & & » 



( 5£ 1 # ft? & b J: 3 t r * PpT 11 £ ) 
fcttiiiofitg^tttffc-ffrb^Cli:* &JlffrSNtt 

# fc ft & ia e fco»*ji!i*»ftbfei»f 



fc, * ©Sfeat b * * s a- 7 $ 

t4>9&jfebfeft*%fraa£**A-7% 

9 —125 



1*038362-190728 C3) 
****** *3fe93<0 3fs 1 JBJBtt* *i*<*S*£& 
BSCJg**ftfci«l»H**v * > ^ * 2> <D 
ivf t iC&fcO, 

« CD & ® <D 5 *> . £ JR ft & <D Jf2 # * ft T ^ * Vn $ 

ftfc&R93K%*» f v^t4BI<Divf 

&jRf*ss<ojB/& * n T ^ * <A<Bi©$&f*s& 

& ® ^ * t&& I.2/ib JU _b 2 /i ■ JU T <D * * 3fe * 

&**«>^*>* b 

ifi bfc3fc<OB&*8!l^ b* ^»i*:$«i^<Ofi^ 

&©&Kfc*stt£^*a!&bfcfc©3affifc*tfc 

•*8fE<z>B3J&!£tt* ********** 

8 

iijLc«**ft, ±mmti&*> e><o&ia#;*s * 

*-r am 2 et * * sb i e> <o sat 

^m^t* B 2 safc^ia* e o aa&iii7j a *tt 

Kb, f ©tt«lHi^^6xf 

(ft tf) 

ttiKh, *«fctfje.v* L >^*ft$tolI<D^lt!! 
C J: S & 5 * S *t ^ z * • 
( HflSfll ) 

1 0 



C ^*aiA*f, 3tto 9 FI/VX, 4ttA-7 

siSfc* nttTftHS* ntt 7 9 X v*4ffl RFl 

^- 2 *ft b r M&ti 9 C 3 ft , 
llCfcttfcJtilftc^. c<0jLCi±Of H V> 

x 3 x b r * sr , s/ y 3 vsffiio^jeiims 

*STiBkaftt6J:UlT6<. 

i KHz © IE 3* ifc c S! sE b fc i£5 1.3/in o^^it 

1 1 

tim <D ift jfe * 3fc 7 7 << «l(a)*ffl^Tl$ffl 9 

* o 9 Kl/>X3(b)«J:tfjte77^Al(b)%T 
6 &&3te<0#;tt c TG9 b X , 

#b. fcfcB«6<b)fc»T *. Wioncuttt 

HJ£6(a)feJfctf6(b)?*nen;fcffi*nfc£&3fc 
Hi ?3 fc & & 3fc ffl* fcrtW&S 13C A b , - - 

«^»40c^t, g*4i2i*e>fc>**<fc0£* * 
n s . 

* 0 T It & < % £J^BI©tt£bfci^*ft¥iI 

c n b t t) c a & * * . 

1 3 —126 



?Uaq62-190728 04) 

&fc^5l3tett^-7 5 5-4 t?R9l*n#^^^ 

tt« b r IE tt e * » > ^ ** £ * to * c t ** * 

& ft . 

2 . 

& 3 m&*¥tw*>'% 2oHJS^5*m«r«.i2i-c 

fcoT* 1(a). Kb) # 7 7 ^ A, 3(a) .3 (b) tt 
n 9 K 1/ V X* 6 (a) .6 (b) f± ^ rl- 3fe «l £H S . 13 1* 
fSHSHt?*S. o» Kl/>XJ|i)iiJ:^3(b) 

C|7r^ti(a)*J:tfl(b)i:6M5, 3fe 7 7 
-f /t 1 <a) * CM <b) * e»<TJ3te=S:^H3fetta3S6(a) 
* * tf6 (b) c -t * < . 

1 2 

Sft* fc fc * tf 1.2— 2 f/ n CtKtttt) ^5 

(£#<Da&&) 

ftlft#H3jft*ft"C^ft£ 3 &3i©Kf*>63lfc**A> 
K » * S & ^ z fc <D *«J j£ ***** . 

$ 1 1 <o isk -r m & 

1 4 



«R] H3B2- 190728 C6) 





1*raBS62-190728 C6) 



no 



60 1° 



—128— 



